The aim of this study was to determine the tensile strength of crowns cemented on metallic substrate with four different types of luting agents. Twenty human maxillary molars with similar diameters were selected and prepared to receive metallic core castings (Cu-Al). After cementation and preparation the cores were measured and the area of crown's portion was calculated. The teeth were divided into four groups based on the luting agent used to cement the crowns: zinc phosphate cement; glass ionomer cement; resin cement Rely X; and resin cement Panavia F. The teeth with the crowns cemented were subjected to thermocycling and later to the tensile strength test using universal testing machine with a load cell of 200 kgf and a crosshead speed of 0.5 mm/min. The load required to dislodge the crowns was recorded and converted to MPa/mm². Data were subjected to Kruskal-Wallis analysis with a significance level of 1%. Panavia F showed significantly higher retention in core casts (3.067 MPa/mm 2 ), when compared with the other cements. Rely X showed a mean retention value of 1.877 MPa/mm 2 and the zinc phosphate cement with 1.155 MPa/mm 2 . Glass ionomer cement (0.884 MPa/mm 2 ) exhibited the lowest tensile strength value. Crowns cemented with Panavia F on cast metallic posts and cores presented higher tensile strength. The glass ionomer cement showed the lowest tensile strength among all the cements studied.
Introduction
During function in the oral environment, prostheses are subjected to repeated loads and temperature changes (1) , with luting agents maintaining their integrity during the stress transfer of fixed partial prostheses for teeth support. This stress may cause deformation, ranging from retrievable elastic deformation, to permanent plastic deformation and fracture of the luting agent (2) .
The ideal cement should provide a reliable bond between different subtracts and compressive and tensile fracture strengths during clinical use (3) .
Adhesive and nonadhesive cements have widely been used for cementing metallic crowns for a long time (4) . There exist a wide variety of dental luting cements with different mechanical and biological features, with zinc phosphate, conventional glass ionomer, polycarboxylate, resin-modified glass ionomer and resin cements for dental purpose. Despite the success of zinc phosphate cement has been well documented in the literature (3, 5) , some authors (5, 6) have reported the superiority of resin cements in relation to tensile strength, when compared with zinc phosphate, conventional glass ionomer and resin-modified glass ionomer cements (7) . However, the literature has no studies assessing luting agents cemented to metallic substrate.
The aim of this in vitro study was to determine the tensile strength of crowns cemented on metallic substrate with four different kinds of cements.
Material and Methods
Twenty human maxillary molars with similar diameters and dimensions were selected and stored in distilled water at room temperature during 21 days (Ethical Committee approval #2002.1.234.58.7).
The coronal portions of the roots were sectioned at cervical level, specifically 2 mm from coronal to the cementoenamel junction with a carborundum disc assembled to a handpiece at low speed. The residual pulp tissue was removed with Gates Glidden drills (Dentsply/ Maillefer, Ballaigues, Switzerland) #1 and 2, and the post spaces were prepared with Pesso reamer (Dentsply/ Maillefer) #2 and 3. Root canals were molded for casting direct technique using Duralay acrylic resin (Reliance Dental Mfg. Co., Worth, IL, U.S.A.) and the resin patterns were cast in Cu-Al alloy. The cast metal post-cores were adapted to the roots and all of them cemented with zinc phosphate cement (Vigodent, Rio de Janeiro, RJ, Brazil). The coronal core portion was prepared for cast crowns with diamond-tapered flat-end bur #3071 (KG Sorensen, Barueri, SP, Brazil) with high-speed instrumentation under water spray cooling. The cervical margin with a uniform 0.5-mm-wide shoulder was prepared in healthy tooth structure and beveled with a flame-shaped bur #3113 (KG Sorensen, Cotia, SP, Brazil), and the shoulder beveled finishing lines were finished with H246UF multilaminated bur (Komet Brazil, Santo André, SP, Brazil). A dental surveyor was used to vertically teeth position on the polyvinyl chloride (PVC) rings and the root portion of each tooth was fixed with autopolymerizing acrylic resin (Clássico Dental Products, São Paulo, SP, Brazil) 2 mm below the cementoenamel junction.
The impression of each tooth was made with polyether material (3M ESPE, Seefeld, Germany) following manufacturer's instruction in single copings of autopolymerizing acrylic resins copings (Clássico Dental Products). The impressions were poured with type IV dental stone (Dentsply, Petrópolis, RJ, Brazil) to construct the dies, and subsequently, waxing was performed. The wax patterns were adapted to the teeth fixed in the PVC rings with aim of a dental surveyor for the sprue placement in the central occlusal portion of the pattern, at long axes of the tooth (Fig. 1A) . The wax patterns were embedded in dental investment (Bego; Bremen, Germany) prepared according to manufacturer's instructions and cast with Ni-Cr alloy (Wiron 99; Bego). After cooling at room temperature, the castings were divested, cleaned, and sandblasted with aluminum oxide (50 µm) and fitted on their respective prepared teeth. The sprues with 10mm were placed parallel through the long axes of the teeth to position the dental elements properly with the crowns cemented in the universal testing machine and perform the tensile test.
A piece of aluminum foil was cut with a scalpel blade and adapted on each tooth preparation, until the cervical limit, with the aid of an amalgam burnisher. The foils were removed, cut and opened on sheet of papers to determine the limits (Fig. 1B) . Then, the sheets of paper with bounded surfaces were carried to a planimeter (Bender & Hobein, München, Germany) to calculate the area of cementation (Fig. 1C) . The teeth were divided into four groups based on the cements used: zinc phosphate cement (Vigodent, Rio de Janeiro, RJ, Brazil); glass ionomer cement (Ketac-Cem, 3M-ESPE, Seefeld, Germany); resin cement Rely X (3M Dental Products, St. Paul, USA); and resin cement Panavia F (Kuraray, Umeda, Japan). The core metallic casts of Rely X and Panavia F were sandblasted with a microetcher (Bio Art Dental Products Sao Carlos, SP, Brazil) and aluminum oxide (50 µm) prior cementation. The cast crowns were placed in an ultrasonic bath with distilled water and then with isopropyl alcohol for 5 min to remove impurities.
The cements were proportioned and manipulated according to the manufacturers' instructions and inserted into the inner portion of the castings. The teeth positioned on PVC rings were placed in a loading device for crown cementation with a static vertical load of 5 kgf for 10 min. The cement excess was removed after initial set.
After cementation procedure, the teeth were immersed in distilled water at 37 °C for 48 h and subjected to a 500-cycle thermocycling regimen in water bath at 5 °C and 55 °C. After, the teeth were stored in distilled water at 37 °C for 48 h.
After this period, the tooth-cemented crown set was subjected to tensile strength test using a universal testing machine (EMIC, São José dos Pinhais, PR, Brazil) (Fig. 1D) , with a load cell of 200 kgf and a crosshead speed of 0.5 mm/min. The load required to dislodge the crown was recorded, and the data provided in kgf unit were converted to MPa/mm² using the following equation: Data were subjected to Kruskal-Wallis statistic test with a significance level of 1% probability.
Results
The tensile strength values for each dental luting agent and the statistical comparison is shown in Table 1 .
The resin cements presented the highest tensile strength values compared to the other cements studied, with Panavia F being superior to Rely X. The zinc phosphate and glass ionomer cements exhibited the lowest tensile strength values.
Discussion
The luting agents more commonly used in crown cementation are zinc phosphate, glass ionomer, resinmodified glass ionomer and resin cement.
Dental restorations are subjected to repetitive dynamic loading with a combination of compressive and tensile stresses on the restoration during mastication and parafunction (8) . For clinical success is important to evaluate the tensile strength of luting agents due many of these materials are brittle, being susceptible to failures (9) .
The behavior of each of them on the dental surface is well known, but the tensile strength behavior of these cements in metal cast cores has not yet been reported in the literature. Generally, removing cemented crowns by pulling them along the long axis of preparation with an increasing statically loaded model has set the retentive strength of dental cements (10). In the current study, the highest retention values were observed in Panavia F cement, 3.06 MPa/mm 2 (Table  1) . These results are in accordance with those of other studies (6, 7, 11, 12) , which showed that resin cements support a greater tensile strength than zinc phosphate and glass ionomer. This highest value of Panavia F resin cement could be explained because this luting agent exhibit better imbrication on to the irregularities of the metal surfaces. Also, this cement was found to show increased bond strength to metal alloy when adhered to an oxide-rich surface; e.g., if sandblasted with aluminum oxide (13) . The sandblasting increases the surface area for bonding and decreases the surface tension, which allows a better wetting by the resin cement (14) . Previous studies (13, 15, 16) have shown that Rely X presented more tensile strength than zinc phosphate and glass ionomer cement, and statistically significant difference was shown only between Rely X and Ketac Cem. However, Rely X showed half of the tensile strength of Panavia F, and this result is in contrast to that observed by Palacios et al. (17) .
The physical properties of resin luting agents may range by the differences composition in relation to the type and amount of monomer, in addition to the type, size and amount of filler particles (18) , this is the quantity and quality of polymeric and inorganic phases in combination with the setting mechanisms (9) . Panavia F is a dual luting agent with lower values of sorption and solubility due the increased conversion degree. This increased factor tends to decrease the sorption and solubility, because exists a decrease of residual monomer and an increase of chemical bond (at the inner) matrix that will help to impede the water diffusion (19) .
In contrast, a low value of tensile strength had been observed for glass ionomer and zinc phosphate cement when compared with the resin luting agents. Zinc phosphate cement has no adhesive properties, depends of mechanical interlocking over the substrates irregularities (20) , being also brittle and susceptible to tensile failures (9) . Glass ionomer cement has lower tensile strength and fracture resistance, being susceptible to moisture at the beginning stage of setting process (21). Rosenstiel et al. (22) stated that solubility plays an important role in the success of the cements to prevent failure in the retention.
The numerical values of tensile strength of zinc phosphate were higher than those of glass ionomer cements, which agree with the results previous reports Tensile strength on metallic substrate (6, 23) . The lowest retention value (0.88 MPa/mm 2 ) was observed for Ketac Cem cement, which is a nonconventional glass ionomer cement that contains no covalent cross-linking being undergo to water degradation (24) . Comparisons of Weibull moduli for each cement, performed by Mitchell et al. (5) showed that exists a lower probability of failure in zinc phosphate cement subjected at very low load when compared to conventional glass ionomer.
Probably this result occurred because the glass ionomer are susceptible to crazing and water degradation and dehydration during the initial setting reaction, observing that the resulting microcracks may begin and facilitate the crack propagation within the cement matrix (24) .
These low values for glass ionomer were in accordance with the findings of earlier studies (6, 23) . According to Mitchell et al. (5) , there exist some doubts about the cohesive ability of glass ionomer cement to resists high stresses generated during contraction on setting in vitro when is present in thin layers between two substrates.
In the present study, tensile strength was evaluated considering the prepared tooth surface area. This procedure is very important to determine the real tensile strength because when the prepared tooth area is increased higher retention values are expected.
According to Heintze (25) , stump height and convergence angles of prepared teeth, and the luting agents are the most important factors that influence crown dislodgement. The retention of artificial crowns varies according to the mechanical properties of luting agents, geometric relationship of prepared tooth surface and definitive restoration, because these factors may influence the stress distribution within the cement layer and at surface-cement interface (7) .
Within the limitations of this study, it may be concluded that crowns cemented with Panavia F on the metallic cast core presented higher tensile strength. Although there is no established value of load that can be considered ideal for clinical success, Panavia F showed the best retention value to metal cast cores, which could be important when additional crown retention is used for tooth rehabilitation. In addition, the glass ionomer cement showed the lowest tensile strength among the cements studied.
Resumo
O objetivo deste estudo foi determinar a resistência à tração de coroas cimentadas em substrato metálico com quatro diferentes tipos de agentes cimentantes. Vinte molares humanos maxilares com diâmetros semelhantes foram selecionados e preparados para receberem núcleos metálicos fundidos (Cu-Al). Após cimentação e preparo, os núcleos foram mensurados e a área da porção coronária foi calculada. Os dentes foram divididos em quatro grupos baseados no agente cimentante utilizado para cimentar as coroas: cimento de fosfato de zinco; cimento de vidro ionômero; cimento resinoso Rely X; e cimento resinoso Panavia F. Os dentes com as coroas cimentadas foram submetidos a termociclagem e logo à prova de resistência à tração usando a máquina de ensaios universal com uma célula de carga de 200 kgf e uma velocidade de 0,5 mm/min. A carga necessária para deslocar as coroas foi registrada e convertida a MPa/mm 2 . Os dados foram submetidos ao análise de Kruskal-Wallis com um nível de significância de 1%. Panavia F mostrou uma retenção significativamente maior nos núcleos fundidos (3,067 MPa/mm 2 ), quando comparados com os outros cimentos. Rely X mostrou um valor médio de retenção de 1,877 MPa/mm 2 e o cimento de fosfato de zinco com 1,155 MPa/ mm 2 . O cimento de vidro ionômero (0,884 MPa/mm 2 ) exibiu o menor valor de resistência à tração. As coroas cimentadas com Panavia F nos pinos e núcleos metálicos fundidos apresentaram maior resistência à tração. O cimento de ionômero de vidro mostrou o menor valor de resistência à tração entre todos os cimentos estudados
